A Gram-stain-negative and non-motile bacterial strain designated 9O-5 T was isolated from an abandoned lead-zinc mine in Meizhou, Guangdong Province, southern China. only 47.1¡4.9 %. The major fatty acids were C 18 : 1 v7c, C 14 : 0 2-OH and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). It contained Q-10 as the predominant respiratory quinone and sym-homospermidine as the major polyamine. The polar lipids were sphingoglycolipid, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, five unidentified phospholipids and six unidentified lipids. The genomic DNA G+C content of strain 9O-5 T was 69.1¡0.1 mol%. Based on the data from this polyphasic taxonomic study, strain 9O-5 T should be considered as representing a novel species of the genus Sphingomonas, for which the name Sphingomonas metalli sp. nov. is proposed. The type strain is 9O-5 T (5CGMCC
The genus Sphingomonas belongs to the family Sphingomonadaceae in the class Alphaproteobacteria. It was first described by Yabuuchi et al. (1990) and the description was subsequently emended by Takeuchi et al. (2001) , Yabuuchi et al. (2002) , Busse et al. (2003) and Chen et al. (2012) . So far, about 80 members of the genus Sphingomonas with validly published names have been described, including recently published species but not listed on the LPSN (http://www.bacterio.net/sphingomonas.html). They were isolated from various habitats, i.e. forestry soil (Han et al., 2014; Lee et al., 2015) , lake Wei et al., 2015) , spring water (Sheu et al., 2015) , glacier ice (Liu et al., 2015a) , plants (Akbar et al., 2015; Kämpfer et al., 2015; Liu et al., 2015b) and air (Kim et al., 2014) . Members of the genus Sphingomonas are characterized as aerobic, Gram-negative, capable of hydrolysing aesculin, having 2-hydroxymyristic acid and containing sphingoglycolipid as the characteristic polar lipid, ubiquinone 10 (Q-10) as the main respiratory quinone and symhomospermidine as the major polyamine. Here we report an orange-pigmented novel species of the genus Sphingomonas, represented by strain 9O-5 T , by using phenotypic, chemotaxonomic and phylogenetic approaches.
Strain 9O-5 T was isolated from a lead-zinc ore sampled from an abandoned lead-zinc mine in Meizhou, Guangdong Province, China (248 219 440 N 1168 169 340 E). The physicochemical properties of the ore sample were described by Feng et al. (2015) and bacterial isolation was performed on R2A agar (Hope) by using the standard dilution plating technique, as described by Feng et al. (2014a) . The purified strain was stored at 280 8C in R2A broth supplemented with 30 % (v/v) glycerol. The genomic DNA of strain 9O-5 T was extracted using a commercial genomic DNA isolation kit (Magen). The 16S rRNA gene of strain 9O-5 T was amplified with the universal bacterial primers 27F and 1492R (Weisburg et al., 1991) and the PCR product was cloned and sequenced by Invitrogen. Similarity searches of the 16S rRNA gene sequence were performed via the EzTaxon-e server (Kim et al., 2012 Phylogenetic trees were reconstructed using the software MEGA 5.0 (Tamura et al., 2011) by the neighbourjoining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods with bootstrap values based on 1000 replications. Kimura's two-parameter model (Kimura, 1980) was used to calculate evolutionary distances. DNA-DNA hybridization was conducted in triplicate by using a Lambda 35 UV/VIS spectrometer equipped with a temperature programme controller (PerkinElmer) as described by De Ley et al. (1970) .
Growth of strain 9O-5 T was tested on R2A agar, tryptic soy agar (TSA; Huankai), PYE agar (Busse et al., 2005) and nutrient agar (NA; Huankai) at 30 8C for 7 days. Cell morphology was observed by using transmission electron microscopy (Hitachi H7650) after 3 days of growth on R2A agar at 30 8C. The motility of strain 9O-5 T was tested in R2A broth supplemented with 0.3 % agar. Anaerobic growth was tested in an anaerobic pouch (MGC; Mitsubishi) for 7 days on R2A agar at 30 8C. Tolerance to different pH (pH 4210, at intervals of 1 pH unit) and NaCl concentrations [025 % (w/v) , at intervals of 1 % NaCl] was determined in R2A broth for 7 days at 30 8C. Growth at different temperatures (4, 10, 15, 20, 25, 30, 32, 35, 37 and 40 8C) was observed after 7 days on R2A agar slants. The Gram reaction, catalase activity and hydrolysis of starch and Tween 40 were tested as described by Tindall et al. (2007) . The API 20NE (bioMér-ieux) and GN3 MicroPlates (Biolog) systems were used to determine other phenotypic characteristics according to the manufacturers' instructions. As the novel strain was isolated from a sample contaminated by heavy metals, resistances to cadmium and lead were tested by using R2A agar supplemented with CdCl 2 .2.5H 2 O and Pb(NO 3 ) 2 at concentrations of 0, 0.5, 1.0, 1.5, 2.0 mM, and growth was observed after 7 days at 30 8C.
The DNA G+C content was tested by using HPLC as described by Mesbah et al. (1989) . The cellular fatty acids were extracted and tested by using GC (Agilent 7890A) according to the protocol of the Sherlock Microbial Identification System (Sasser, 1990) , with strain 9O-5 T and reference type strains grown on R2A agar at 30 8C for 3 days under the same conditions, as the growth period will significantly affect the cellular fatty acid composition. Respiratory quinones were extracted and analysed by HPLC (UltiMate 3000; Dionex) according to the methods described by Collins et al. (1977) and Hiraishi et al. (1996) . Polyamines were extracted and analysed as described by Busse & Auling (1988) and Scherer & Kneifel (1983) . Polar lipids were extracted and determined as described by Tindall et al. (2007) .
The 16S rRNA gene sequence of strain 9O-5 T was determined to be 1448 bp in length and similarity searches in the EzTaxon-e server showed that the most closely related type strains were Sphingomonas abaci DSM 15867 T (97.6 % 16S rRNA gene sequence similarity), Sphingomomas phyllosphaerae FA2 T (96.9 %) and Sphingomonas guangdongensis 9NM-8 T (96.8 %). Both the neighbourjoining phylogenetic tree ( Fig. 1) and the maximum-likelihood phylogenetic tree (Fig. S1, T in the phylogenetic trees and they were placed distantly from strain 9O-5 T . Mean DNA-DNA relatedness between strain 9O-5 T and its closest related type strain, S. abaci DSM 15867 T , was only 47.1¡4.9 %, which is below the 70 % threshold value proposed by Wayne et al. (1987) for species discrimination. These results indicated that strain 9O-5 T might represent a novel species of the genus Sphingomonas.
Strain 9O-5 T was able to grow on R2A agar, PYE agar, TSA and NA. Anaerobic growth did not occur. Cells of strain 9O-5 T were Gram-stain-negative, non-spore-forming, non-motile and short rod-shaped (0.720.961.021.5 mm) (Fig. S2) . Colonies on R2A agar were orange-pigmented, circular, opaque, convex with entire edges and 1-2 mm in diameter after 3 days at 30 8C. Strain 9O-5 T grew at 15-37 8C and pH 6-9 in the presence of 0-1 % (w/v) NaCl. Optimum growth occurred at 25-30 8C and pH 7.0 without NaCl. Strain 9O-5 T grew well on R2A agar without cadmium and lead but was unable to grow in the presence of 0.5 mM or more of cadmium or lead. The phenotypic differences between strain 9O-5 T and its closest related type strains are shown in Table 1 and other characteristics are detailed in the species description.
The DNA G+C content of strain 9O-5 T was determined to be 69.1¡0.1 mol%, which was not significantly different from those of closely related type strains S. abaci DSM 15867 T (67.4¡0.1 mol%) and S. guangdongensis 9NM-8 T (69.6¡1.3 mol%) ( Table 1 ). This confirmed that strain 9O-5 T belongs to the genus Sphingomonas. The predominant fatty acids of strain 9O-5 T (.5 % of the total) were C 18 : 1 v7c (63.1 %), C 14 : 0 2-OH (11.3 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (8.2 %), with only minor differences from S. abaci DSM 15867 T and S. guangdongensis 9NM-8 T in the content of summed feature 3 and C 14 : 0 2-OH ( Table 2 ). The major respiratory quinone of strain 9O-5 T was Q-10, with minor amounts of Q-9 (Fig. S3 ) and the polyamine pattern showed a predominance of sym-homospermidine, with minor amounts of spermidine, which were all in line with the typical characteristics of the genus Sphingomonas. The polar lipids consisted of sphingoglycolipid, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, five unidentified phospholipids and six unidentified lipids (Fig. S4 ).
There were no significant differences between strain 9O-5 T and its closest related type strains in DNA G+C content, predominant fatty acids, major polyamine pattern and respiratory quinone. However, it could be clearly distinguished from them in phylogenetic analysis based on 16S rRNA gene sequences and phenotypic characteristics, including motility, growth temperature, growth medium, enzyme activity, nitrate reduction, hydrolysis of Tween 40 and gelatin, and substrate assimilation. 
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Sphingomonas metalli 9O-5 T (KU053645) Phylogenetic analyses together with DNA-DNA relatedness data, and phenotypic and chemotaxonomic results suggest that strain 9O-5 T should be considered as representing a novel species of the genus Sphingomonas, for which the name Sphingomonas metalli sp. nov. is proposed.
Description of Sphingomonas metalli sp. nov.
Sphingomonas metalli (me.tal9li. L. gen. n. metalli of a mine, referring to the source of isolation).
Cells are Gram-stain-negative, aerobic, non-spore-forming, non-motile and short rod-shaped (0.720.9|1.021.5 mm). Grows on R2A agar, TSA, PYE agar and NA. Colonies on R2A agar are circular, orange-pigmented, opaque, convex with entire edges and 1-2 mm in diameter after 3 days at 30 uC. Growth occurs at 15-37 uC (optimum, 25-30 uC) and pH 6.0-9.0 (optimum, pH 7.0) in the presence of 0-1 % (w/v) NaCl (optimum without NaCl). Oxidase, pectin, D-galacturonic acid, p-hydroxyphenylacetic acid, methyl pyruvate, bromosuccinic acid, c-aminobutryric acid, a-hydroxybutyric acid, a-ketobutyric acid, acetoacetic acid, propionic acid, acetic acid, capric acid, adipic acid, phenylacetic acid and citrate. The major cellular fatty acids are C 18 : 1 v7c, C 14 : 0 2-OH and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The predominant respiratory quinone is Q-10 and the major polyamine is sym-homospermidine. The polar lipid profile comprises sphingoglycolipid, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, five unidentified phospholipids and six unidentified lipids.
The type strain, 9O-5 T (5CGMCC 1.15330 T 5KCTC 42759 T ), was isolated from an ore sample of an abandoned lead-zinc mine, collected from Meizhou, Guangdong Province, China. The DNA G+C content of the type strain is 69.1 + 0.1 mol%. 
